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USE OF WADING BIRDS AS INDICATORS OF POTENTIAL WHOOPING CRANE WINTERING
HABITAT
DAWN A. SHERRY1 , Caesar Kleberg Wildlife Research Institute, Texas A&M University Kingsville, Kingsville, Texas 78363
FELIPE CHAVEZ-RAMIREZ2,3, Caesar Kleberg Wildlife Research Institute, Texas A&M University Kingsville, Kingsville,
Texas 78363
Abstract: A search for suitable wintering sites on which to establish another migratory population of whooping crane (Grus americana) has been conducted and will continue. In addition to an evaluation of food availability for whooping cranes, wading birds
that overlap highly in patterns of habitat utilization with whooping cranes may be useful as indirect indicators of suitable whooping
crane habitat. We determined the extent to which several species of wading birds overlap in patterns of habitat utilization with
whooping cranes on their current wintering grounds. We conducted aerial surveys of whooping cranes and wading birds at Aransas
and Matagorda Island National Wildlife Refuges, Texas. We classiﬁed habitats used in order of increasing surface area as pools,
ponds, lakes, and bays. We observed species which included whooping cranes (N= 638), great egrets (Casmerodius albus) (N=987),
great blue herons (Ardea heroidias) (N=751), reddish egrets (Egretta rufescens) (N=301), snowy egrets (Egretta thula) (N=155) and
tricolored herons (Egretta tricolor) (N=67). Speciﬁc overlap indices indicated that great egrets had the highest overlap with whooping cranes (0.97), and tricolored herons also overlapped signiﬁcantly (0.87). Reddish egrets (0.74), snowy egrets (0.69), and great
blue herons (0.60) overlapped to a much lesser extent. We recommend that surveys conducted for the purpose of locating suitable
wintering habitat for whooping cranes should focus on habitats utilized by great egrets and tricolored herons.
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In 1973, the Endangered Species Act was enacted to preserve and protect species on the verge of extinction. The whooping crane (Grus americana), whose population had dropped to
an all time low of 16 individuals in the early 1940’s, was one
of the species listed as endangered (Lewis 1995). The Endangered Species Act also led to establishment of the whooping
crane Recovery Team and development of a recovery plan for
the species. While the whooping crane population continues to
increase from that all time low, it is still at low numbers, with
only 174 individuals present in the wild during the winter of
2001-2002.
Today, there are three existing wild populations of whooping cranes (Aransas-Wood Buffalo, Florida non-migratory and
Wisconsin-Florida migratory populations). The only non-introduced migratory population nests in Wood Buffalo National
Park, Northwest Territories, Canada and winters at the Aransas National Wildlife Refuge and nearby barrier islands, on the
central Texas coast. Because of its low population size, this
single, migratory population is vulnerable to disease, pollution, and natural or human caused catastrophes. The wintering
grounds are of particular concern, since the Intracoastal Waterway runs parallel to the salt marshes of Aransas NWR where
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whooping cranes spend much of their time feeding during the
winter (Stehn and Johnson 1985). A primary objective of the
Whooping Crane Recovery Plan calls for the establishment of
two new and separate wild populations to decrease the chance
of a catastrophic event causing the extinction of the entire species (U. S. Fish and Wildlife Service 1986).
Reintroduction effort using juvenile birds has been underway for several years in central Florida to establish a non-migratory ﬂock of whooping cranes. In addition, scientists conducted a search to identify suitable nesting and wintering areas
to establish a second migratory population of whooping cranes
(Cannon 1998). This effort was in it’s second year of effort
when this work was undertaken. Potential habitat areas are the
coastal salt marshes that exist in the southeastern United States
where this population, managers hoped, would establish itself
in suitable wintering grounds. The Whooping Crane Recovery
Team is currently considering the idea of reintroducing a nonmigratory population to Louisiana and other possible areas may
be considered in the future.
Searches for potential reintroduction sites necessitates a
quick preliminary evaluation of many sites followed by more
intensive studies of fewer sites (Cannon 1998). The quick
preliminary evaluations can focus on overall aspect and physical characteristics of potential sites and the distribution and
abundance of conspicuous biological indicators. Speciﬁcally,
detailed studies must evaluate the availability of habitat characteristics and quality of several parameters. For example, for
whooping cranes it is important to evaluate the availability of
roosting areas and feeding sites in addition to the abundance
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of food items. Because whooping cranes would not be present
in possible reintroduction sites, it would be beneﬁcial to have
some biological surrogates, or indicators, that provide information on the suitability and availability of habitat conditions for
cranes. In the previous work, we evaluated potential habitat
areas for suitability in terms of presence and abundance of potential food sources and possibility of disturbance. In addition,
we wanted to determine if there was another indirect way to do
a quick preliminary evaluation of an area without the need for
in depth ﬁeld studies.
Two separate studies of whooping cranes (Chavez-Ramirez,
1996) and wading birds (Chavez-Ramirez and Slack 1995)
conducted in the same coastal marsh suggested that whooping
cranes and wading birds appeared to utilize the salt marshes
in similar fashion for feeding. There appears to be signiﬁcant
overlap in the characteristics of the open water habitats utilized
by both whooping cranes and many wading bird species during the winter months in Texas (Chavez-Ramirez pers. observ.).
Overall, whooping crane and wading bird foraging habitat on
the Texas coast consists primarily of the coastal salt marsh ﬂats,
which are composed of patches of open water and vegetated areas (Chavez-Ramirez 1996; Chavez-Ramirez and Slack 1995).
Both whooping cranes and wading birds use adjacent areas to
the salt marsh such as bays and uplands are utilized to a considerably lesser extent than the salt marsh ﬂats (Chavez-Ramirez
1996).
Whooping cranes utilize the different salt marsh habitat types of the Texas coast for feeding, loaﬁng and roosting.
Many other birds, in addition to whooping cranes, also use the
salt marshes of the central Texas coast as wintering grounds.
Species of wading birds such as great blue herons (Ardea heroidias), great egrets (Casmerodius albus), reddish egrets (Egretta rufescens), snowy egrets (Egretta thula), tricolored herons
(Egretta tricolor), and roseate spoonbills (Ajaia ajaia) all utilize
open water habitats similar to those used by whooping cranes.
If we could show that, indeed, whooping cranes and wading
birds showed considerable overlap in habitat use patterns future preliminary surveys for potential reintroduction sites for
whooping cranes could focus on the species (or multiple species) that show a high degree of overlap with the cranes. The
advantage of this would be that we could conduct quick surveys
of larger areas in a shorter period of time using a conspicuous,
widely distributed, and easy to survey biological element, as
potential indicators of potentially suitable habitat. This preliminary evaluation, which could be conducted via aerial surveys,
could then serve to prioritize sites or areas for more intensive
ﬁeld evaluations.
The purpose of this work was to determine the extent
to which selected species of wading birds overlap in habitat
utilization patterns with wintering whooping cranes on Texas
coastal marshes. Speciﬁcally, we wanted to: a) determine if
any species of wading birds overlapped with whooping cranes;
b) which species of wading birds showed the greatest degree of
overlap with whooping cranes, and; c) evaluate the possibility
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that wading birds may be used as potentially useful indicators
with which to conduct quick and preliminary evaluations of
suitable whooping crane habitat in coastal salt marshes.
STUDY SITE
We recorded whooping cranes and wading birds at Aransas National Wildlife Refuge (ANWR) and Matagorda Island
National Wildlife Refuge (MINWR). Aransas NWR is part of
the mainland and is located in the Texas Coastal Bend Region,
in Aransas and Refugio counties. Matagorda Island NWR is a
barrier island located in Calhoun County. It is 62 km long and
varies from 1.2 to 7.3 km. wide. The salt marshes are located
on the eastern coast of ANWR and on the western side of MINWR. Ground vegetation surveys at both areas showed them to
be similar (see Chavez Ramirez and Slack 1995 for details of
the study area).
METHODS
We classiﬁed open water habitats based on aerial size from
the smallest to the largest for the purpose of this study. Habitat categories included pool (< 4m2), pond (4-100 m2), lake (>
100m2), and bay (shallow open water area adjacent to the coastline). The “other” category included inlets and cuts. Inlets
were narrow, straight or winding, open water areas connecting
a body of water and a bay. Cuts were similar except they did
not connect at one end to a bay.
We observed whooping crane and wading bird habitat use
from a ﬁxed-wing aircraft from 8 December 1992 through 16
March 1993 and from 2 December 1993 and 18 March 1994.
We conducted ﬂights on a near-weekly schedule when possible
as part of wintering monitoring activities of ANWR. During
each survey, we ﬂew transects parallel to the coastline at an
altitude between 30 and 50 m. We covered a linear distance of
approximately 285 km on each survey for both refuges combined (110 km in ANWR, 175 km in MINWR). We ﬂew the
ﬁrst transect along the coast with successive transects approximately 0.5 km inland from the previous one. We recorded all
whooping cranes we detected and noted the habitat type where
the crane stood at the time of observation. Due to the large
number of wading birds present in the marshes, we could only
clearly identify the wading birds observed within 25 m perpendicular to the ﬂight line on the observer’s side of the aircraft and
we recorded the habitat type in which each was located. We
eliminated birds not identiﬁed to species from the analysis. We
did not use individual observations in the analysis where habitats could not be conﬁdently classiﬁed (e.g., pond vs. pool).
We evaluated overall differences in the use of habitat categories among all species using a Chi square test (Zar 1984).
To evaluate the degree of overlap among whooping cranes and
wading birds we calculated a speciﬁc overlap index for whooping cranes and each wading bird species (Ludwig and Reynolds 1988). Speciﬁc overlap is based on a comparison of the
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Table 1. Number of whooping cranes and wading birds observed, and expected, in different open water habitat categories in Texas coastal salt marsh during winters 199293 and 1993-94. Expected frequencies shown here are for Chi-square goodness-of-ﬁt
tests calculated for each species separately under the assumption that all habitats were
equally likely to be chosen.

Species

whooping crane
great blue heron
great egret
reddish egret
snowy egret

Bay
Expected
Expected
Expected
Expected

Expected
Louisiana Heron
Expected

100
327.6
234
150.2
54
197.4
23
60.2
48
29.8
6
13.4

Lake

Pond

Pool

Other
272

1638

316

27

72

102

751

180

285

310

158

987

180

35

44

19

301

32

7

35

33

149

21

15

23

2

67

411

330

525

N
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Fig. 1. Patterns of habitat use by whooping cranes and wading birds in salt marsh areas of Aransas and
Matagorda Island National Wildlife Refuges during 1992-93 and 1993-94 fall and winter.
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Fig. 2. Dendrogram based on speciﬁc overlap indicies calculated on overlap in habitat use
by species of wading birds and whooping cranes.

resource utilization curves of two species, with values ranging
from 0-1 (1 = complete overlap, 0 = no overlap).
RESULTS
We observed whooping cranes more often than all other
species (N=1638), because during surveys our primary objective was to locate all cranes present in the wintering area. The
wading bird species we observed included great blue herons,
great egrets (N=987), reddish egrets (N=301), snowy egrets
(N=155) and tricolored herons (N=67). Other wading birds
which were also observed included little blue herons (Egretta
caerulea), roseate spoonbills, white ibises (Eudocimus albus),
and black-crowned night-herons (Nycticorax nicticorax). We
excluded the latter wading birds from the comparisons of habitat use with whooping cranes because they all regularly ﬂushed
upon approach by the airplane making it difﬁcult to assign speciﬁc habitats that they were using.
Habitat Use Patterns
All wading bird species combined showed differential use
of habitat typess for both years of study. Overall, species utilized lakes (29%) and pools most often (26%). They used other
habitat categories to a lesser extent (pond = 18%; other = 15%;
and bay = 12%).
Whooping cranes used pools and lakes more often than expected, ponds as expected and bays, inlets, and cuts much less
than expected (X24 = 307.76, P < .001) (Table 1, Fig.1). Great
egrets used pools more often than expected, but they also uti-

lized ponds (X24 = 216.67, P < .001). Great egrets used all other
habitats less often than expected. Great blue herons used lakes
and bays more often than expected, and all other habitats were
used much less than expected (X24 = 387.01, P < .001). Reddish egrets utilized lakes more often than expected but used
all other habitats much less than expected (X24 = 304.50, P <
.001). Snowy egrets utilized bays, pools, and lakes more often
than expected (X24 = 29.97, P < .001). They were also the only
species to be found utilizing cuts and inlets more often than
expected, whereas, they used ponds much less than expected.
tricolored herons utilized pools and lakes more often than expected, ponds as expected, and bays, inlets, and cuts less than
expected (X24= 25.16, P < .001).
Whooping Crane - Wading Bird Overlap
Speciﬁc overlap indices showed a high degree of overlap
between whooping cranes and great egrets (0.973). There was
also a signiﬁcant degree of overlap between whooping cranes
and tricolored herons (0.850), however, whooping cranes exhibited slightly less overlap with both reddish egrets (0.747)
and snowy egrets (0.725). Whooping cranes overlapped the
least with great blue herons (0.584). Overlap among speciﬁc
pairs of wading bird species have been reported previously
(Chavez-Ramirez and Slack 1995).
A dendrogram constructed based on overlap indices shows
three distinct groups (Fig. 2). The group representing the highest overlap in habitat utilization patterns with whooping cranes
included great egrets and tricolored herons. Reddish egrets and
snowy egrets overlapped less, and great blue herons overlapped
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the least in habitat use patterns with whooping cranes.
DISCUSSION
Our results suggest that the presence of great egrets and
tri-colored herons is the best potential preliminary indicator of
suitable foraging habitat for whooping cranes during the winter in coastal salt marshes. Whooping cranes and most wading
birds do not overlap signiﬁcantly in diet, since cranes feed extensively on blue crab and wolfberry (Chavez-Ramirez 1996),
while most wading birds are primarily piscivorous (Kushlan
1978). However, where whooping cranes, great egrets and
tricolored herons do overlap during the winter in Texas, they
utilize similar habitats in which to feed- mainly small (< 4m2),
shallow bodies of water. It is likely that a good quality patch of
open water habitat could support both the diet items selected by
cranes and wading birds.
Reasons for the overlap among cranes and tricolored and
great egret may include an extensive overlap between blue
crabs (Callinectes sapidus) and ﬁsh, the primary food items of
whooping cranes and these two species of wading birds, respectively. Among competing species high overlap in one resource
gradient (i.e. habitat) generally results in low overlap in a second resource (i.e. food) (Dubowy 1988, Ramo and Busto 1993).
It may also be due to similar responses by different organisms
to similar environmental and physical conditions. There are
some indications that both crabs and ﬁsh may respond similarly
to the same environmental factors. For example, scientists have
reported that both ﬁsh and crabs burrow or move away from
shallow marsh waters when temperatures reached less than 1719 °C (Frederick and Loftus 1993, Chavez-Ramirez pers. observ.) If whooping cranes, great egrets, and tricolored herons
respond to the different prey movements in a similar way, the
result could be a high degree of overlap in habitat utilization
patterns.
Indicator Species
Species which have generally been used or deﬁned as an
ecological indicator species, are usually species whose population attributes are assumed to represent those of other wildlife
species and/or entire ecosystems (Morrison et al. 1998). Scientists have identiﬁed many problems, however, with this approach (Mannan et al. 1994, Landres et al. 1988). Morrison et
al. (1992) suggest that in order to be useful, indicator species
must be selected on features that are speciﬁc to time, location,
and habitat. Our approach avoids the pitfalls mentioned by
Morrison et al. (1992). First, we are considering one season
(winter) and not the entire year, which reduces variation and
eliminates the problem of species-speciﬁc changes in behavior
due to season. Additionally, we are considering the overlap in
terms of foraging habitat areas only. Our data and comparison
is also location and habitat type speciﬁc. Finally, we will test
the application or use of wading birds (great egret and tricol-
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ored heron) further by sampling distribution and dispersion of
wading birds in an area, followed by sampling for whooping
crane food items in those areas. These two species are widely
distributed through the entire coastal region of the southeast,
are abundant, and, being relatively large, are easy to survey
with either ground or aerial methods.
We suggest that the presence of great egrets and tricolored
herons can be used as a preliminary and/or additional measure
of habitat suitability for whooping cranes. We are not advocating that this species be the only indicator, but rather that they
be utilized as a ﬁrst step of a more complex process. Future
research could focus on determining how the distribution of ﬁsh
and crabs are related to each other in shallow areas of coastal
salt marshes and how environmental factors and conditions affects the abundance of these species.
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